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PREDICTING INDIVIDUAL TREE HEIGHT 
by 
Joel< A. Blackard 1 
ABSTRACT. Equations to estimote individuesl tol61 tree height of loblolly 
pine ( Pim1s t oedo L. ) and s 1 ash pine ( Pin11s el/lot t ii Enge 1 m. ) trees 
Planted on non-old-fields in Eost Texas are presented. 
1----~------------
u G~aduete Assistant, School of Forestry, Stephen F. Austin State 
ntversity, Nacogdoches, TX, 75962. 
INTRODUCTION 
One of the components in the diameter distribution yield 
prediction method i s esti mating the total height of individui:il trees. 
Height information plus dbh con determine the amount of wood in on 
i ndividual tree. When the individual tree values are multiplied by the 
number of trees per ocre in each respective dbh cless, an estimate of the 
amount of wood per ocre by dbh closs is obtained. An estimate of the total 
amount of wood per acre may be found by summing across oll dbh clesses. 
In this report , equotions ore presented to estimate the total 
height of i ndi vi dual planted loblolly and slosh pines tn non-old-fields in 
East Texas. The thesis by the author wi 11 i nc 1 ude expended and detailed 
descriptions of the procedures to obtain these two equations. 
PLANT AT ION MEASUREMENTS 
Doto for this study were obtoined during instollotion of 256 
permonent monumented plots in unthinned loblolly ond slash pine 
plantations located on non-old-fields throughout East Texas. Of the 256 
plots, 178 ore in loblolly pine plontations, rmd 78 ore in slosh pine 
pltrntBtions. The growth ond yield plots were installed during 1982-84 by 
the School of Forestry in plantotions owned by the participoting componies 
(Lenhort el tJ/ 1985). 
Each plot consists of two subplots -- one to remain unthinned 
and the other to receive Hrinnings. The height growth equotions were 
developed using d::ita from the subplots to-remoin- unthinned. Within o 
subplot, each planted p~r-:.'! ""'?togged ond numbered. Total height ond dbh 
(omong other volues) were determined for eacb pltmted pine. These two 
tree volues plus pleinteition chorocteristics -- oge, overnge top ten tree 
heights and number of trees per 6cre -- were ava1 loble for Bnal~ses. 
Sample size for regression antslysi s wos 10,625 observations 
for loblolly pine ond 4,993 observations for slosh pine . 
PREDICTING INDIVIDUAL LOBLOLLV PINE TREE HEIGHTS 
After plotting and studying the 10,625 JobJoJly pine 
observetions, it appeored th6t o vori6tion of the equotion form developed 
by Lenhart ond CJ utter ( 1971) represented the observed trends. For this 
dotfl set, the noturol logorithm of height wos lineorly reloted to the 
n6turnl logerithm of dbh. 
Multiple lineor regressi on anelysis of the height growth 
difference modeJ produced on equotion for pJanted l oblolly pine os 
Jn(h) = Jn(TTH) + 0.007161 - 0. 12505Jn(A)(ln(DMAX)-ln(D)) 
- 0. 1336 71n(TTH/ A)(ln(OMAX-l n(D)) 
+ 0.0047391n(STA)(ln(DMAX)-ln(D)), 
with R2 = 67.8% and RMS = 0.01302, 
where h = Totol height (feet) for o tree with dbh D (inches), 
TTH = .lwer8ge height (feet) of t he t en t~ll es t trees! 
A= Number of growing seasons completed since 
pJemtetion establishment (yeors), 
OMAX = Mt1ximum dbh (i nches) occurring in plontation ~ind 
STA =Sur viving number of trees per ocre 
Using the loblolly pine equeition, Tobie 1 shows predicted 
r1eights by severol combinaUons of site index (SI), surviving trees per 
ecre, plontotion oge ond dbh. Avernge height of the ten tollest trees is 
computed using the site index equBtion developed in the ETPPRP (Lenhort 
el ol. in press, Bleickard 1965 ). For a given combinotion of SI, STA end A, 
t~1e minimum ond meiximum diometers ore determined using unpublished 
research from the ETPPRP. 
Based on volues from Table 1 for site index= 60 feet ond 
surviving trees per ocre = 400, Figures 1, 2 ond 3 disploy height growth 
trends over diameter c16sses for different plonteition t19e classes. 
In Figure 3, es pleinl6tion oge opprooches index t1ge (25 yeors), 
the height of the tree of maxi mum di6meter opprooches the site index 
value or 60 feet. By using the di ff ere nee model approach (Lenhart end 
Clutter 1971), this result is 6Ssured. 
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Fl GURE 1. PREDICTED LOBLOLL V PI NE HEIGHTS BV DIAMETER CLASSES 
FOR FOUR AGE CLAS~3ES WITH SI = 60 AND TREES PER ACRE= 400. 
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FOR THREE /~GE CLASSES V·llTH SI = 60 AND TREES PER ACRE = 400. 
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Fl GURE 3. PREDICTED LOBLOLL V PI NE HEIGHTS BV DI A METER CLASSES 
FOP FOLi~~ 1:1GE CLASSES Vv'ITH SI = 60 Al'JD TREES PER ACRE = 400. 
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PREDICTING INDIVIDUAL SLASH PINE TREE HEIGHTS 
A review of plottings of tr1e 4,993 slash pine observotions 
indicoted thot the noturol logorlthm of height for this species wos olso 
linearly reloted to the notural logBrithm of dbh. 
Multiple regression onolysis of the height growth difference 
model resulted in on equoUon for slosh pine BS 
ln(h) = Jn(TTH) + 0.004596 - 0.166041n(A)(ln(DMAX)-ln(D)) 
- 0. 151721n(TIH/ A)(l n(DMAX)-ln(D)), 
with R2 = 69 .2~ emd RMS = 0.01506. 
Bosed on volues from Table 2 for site index= 60 feet end 
surviving trees per ocre = 400, Figures 4, 5 emd 6 show height growth 
trends over diameter classes for dlfferent plantation age closses. 
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1 .. • ~ l ~ • 7 
15 ... H. t 
15.0 P.1 
1S.2 l ' . ~ 
2~ .1 25.2 
23.2 2!>.5 
?2 .7 2.6.0 
2 3 • 1 .... ~ .::: 0.' 
25.0 2S . 3 3C.5 
29 . 6 
2;. . 0 
29 .3 
30 . 7 
3C.7 
32 . 4 
31. s 
32 . 4 
3 3. 1 
33 .2 
3 5. 1 











40 . 2 
39.4 
40.2 
1 2 1 3 1 4 1 5 16 
T~3L~ 2. F~~ ~ ;CT5~ TOTAL SLAS~ HEIGHTS !N FEET ••• CONTINUEO 
T~!:ES 
PER 
~ :TE !ND=X CL~SS 4C FEET 
1-INCH O:~METEQ CLASS 
ACRE AG~ 
CL;.ss o~s> 1 5 7 9 10 
600 4 7.3 
.300 
6 8.911._ 
3 ~.7 11.~ 1 .• • -;: 16.2 















1 ~ •. :, 
1 '· • C' 
1 .. . 1 
1 5 . [ 
1 ..,. • ~ 
1 5 • 4 
1 :: f' ., . _, 
1 ) • ..: 
o e.9 11 . :: 
1 --. • .: 19.5 21.? 
1 .. , .... 20 .3 22.Q 
1 "' • ., 20.7 23.S 
1 : . G 22 .3 25.3 
1 ,:- . 7 22.1 25.2 
1 • . t. 23.2 
1 'i . 1 22.7 
1 • • .:. 23 .1 
; ;.. i; 
... •,,; . -
26 . J 
26.5 
a 8 . 7 1 1 . : 1-. c: 1:: . 2 
10 9.3 1 7: . C 1 ~ . i 18.2 20 • .5 




? p. "· 
--. "" 2; . b 
29.0 
2? :s 







32 .f. 35.2 
14 9.6 1 4 . C 1 ~ . ~ 2C.3 22.9 25 .2 27.L 
16 9.6 1~.~ 1 ~ . , 2Q.7 23.5 2o.C 2E.3 30.5 
18 10.1 1J. 1::; 1 . ~ 22.3 25. 3 25 .1 3C.? 33.1 




20 1~.2 1 ~ . 7 22 .1 25.2 25.0 3C.7 33.2 35.5 
22 15.4 1 ~ . ~ 23 .2 2t.5 ?Q.6 32.4 35 .1 37.6 
24 1 t . Li 2' . ... 24.C: 27.7 !0.9 33.9 36.7 39.4 
25 1::>.~ 1 · .t. 23.1 2t.S 2:J . 5 ~2.4 35 . 2 37.7 40.2 
11 1 2 1 3 1 4 1 5 1 e 
-------------------------------------------------------------------------------------------






























~ :TE INDEX CLASS ~C FEET 
1-INCH DIAMETER CLASS 
1 s 6 7 9 10 11 1 2 
S.4 1 G.9 
9.3 
9.7 
e . " i.3 
9.7 
9.7 
12.3 1 ~ . 5 17.6 
28.2 3C.4 
1 ) • 8 1 7 • ·~ 1 9 • 7 2 2 • 1 
1 .:. .2 1 ? . ? 20 .S 23.5 
1 5 .1 1 <:. 1 22 .6 25 .7 
15.7 2( . ~ 23.7 27.1 
24.2 
25.~ 




31.2 33.7 36.0 
33.2 36.0 38.6 41.1 
45.7 
46.8 




.21.7 25.9 29.3 
21.i 26 .2 3C.2 
2:: . 1 27 .7 32.0 
36.~ 39.3 
37.3 4C.6 
1 J . ~ 
1 2 .8 1 : . 3 
1.:i.e 1:- • .:: 
1.:..'- 17. 7 
1 .) .1 1:::.1 
1 5 . 7 2 L • : 
:?. 1 • 7 
2 '1 • ~ 
2 :: • 1 
) ., ' 
- I• • 
27.S 31. E 3) . 3 3~.5 43.2 
ZB.5 33.1 37 .3 ~1.3 45.2 
29.C 33.7 35 .0 42.1 4e.O 
17.6 
1Y.7 22.1 24.2 
20.8 23.~ 25 .9 2e.2 3G.4 
22.c 25.7 20 .s 
23.7 27.1 30.3 
2).G 2Q.e 3.3 .3 
26.2 30.2 33 . 9 





4 3 • .!. 
~7.5 31.~ 33 .S 3Y.~ 43.2 
2 5 .5 33.1 37.3 41.3 45.2 















4 .3.8 46.8 49.7 




£6.7 so.a s3.2 s6.~ 
48.8 52.4 55.8 59.1 
49.8 53.4 56.9 60.3 
1 3 1 I. 1 s 
-------------------------------------------------------------------------------------------
r:aLE z. ?~~~ ! :TE~ TOTAL SLASH H~?G~Ts IN FEET ••• CONTINU~O 
~: TE INDEX CLASS 60 FEET 
TR::ES 
PER 1-INCH OI~ ~~ETER CLASS 
AC RE AGE 
-------------------------------------------------------------------------------




---- ---- ---- --- - ---- ---- --- - ---- -- -- ---- ---- ---- ----
600 4 8.4 H .. . 9 
~ 9.3 1 z • c 1 ::r • :: 17. 6 
5 9 . ? 1 ,:; • ~ 1 7 . J 19.7 22.1 2'.2 
1 0 9.7 1 I • . ... . ('. 1 I . 7 20 . a 23.S 25.9 .., t' :> c; •• - 30 . 4 
1 2 1 ' • 1 1 ; • 1 ., ~ f. 
-"·'-
25.7 2.: • 5 31. 2 '3 3. 7 36.0 
1 4 1 ) • 7 ~r ~ {. -. ..,,. 23.7 2 7. 1 30.3 3 3. 2 36.0 38.6 41.1 
1 6 1 ::, • 7 2 1 • 7 2 5. 9 29.~ :n.3 3 6. I:> 39 . 8 42.8 45.7 
1 :3 ? 1 • :i 26. 2 30.2 33.9 37.3 40 . 6 43.8 46.3 49.7 
- ..., 
" ..J 
2 -: . 1 27.7 32. 0 3 0 • :) 3 9. 3 1.3 . !. 46.8 50.1 5 3. 2 
~ ..,
!. c. ' ... . ..... . .... 27. s 31. s 3 c; • ., • 0 'l:, ~ ,.. 
- 7 . w I. 3. 2 46.7 so.a 53.2 56.4 
24 2: . ~ 2 5> • 5 3~.1 37.3 41. 3 (,. 5. 2 43.8 52.4 55.8 59.1 
25 ... - . 29.u 33.7 3 g . c 4 2 .1 4o.O 49.8 53.4 56.9 60.3 , ' . ., 
aoo 4 8 . 4 1 : . • ~ 
~ 9.3 , :i :: ~ . - 1 ~ • 5 1 7 • !> 
::> 9.7 1 :. • ~ 1 7. : 19.7 2 2 . 1 24.2 
1 0 10.5 1 ~ • 3 1 c. • 1 22.4 25.3 27.9 !O.t. 
1 2 1 c • 2 z ( . ~ 2 4. 1 27.5 30.5 ::n. 4 36.0 
1 4 1 :; • 7 21 • 3 25.3 23.9 32.2 35.4 38.3 41.1 
1 t 1 :; • ; 21 • 7 25.9 29.e 33.3 3~.6 39.S 42.8 45.7 
13 H . .; 2 1 . ; 2c .. 2 .3D .. 2 33.9 37.3 t.Q. 6 43.8 4o.8 49.7 
21) 2: • 1 27.7 32.0 3 6 .. a 39.3 43.4 46.S 5 0. 1 53.2 
~~ 
t:..:. , ; . - ... . ... 27.5 31. c 35.S 3C.6 4 :3 • 2 46.7 so.a 53.2 56.4 
24 "l J . ~ 2e.s 33 . 1 37.3 41.) 4 5. 2 48.8 52.4 55.8 59. 1 .... 
25 ., -· ~ - : . ~ 29. 0 33.7 38 .0 4 2. 1 4::;. 0 49.8 53.4 56.9 6G.3 
-------------------------------------------------------------------------------------------
T'BL~ z. F~E r rcr~c TOTAL SLASH Hf!G~TS IN FEET ••• CONTINUEO 
~!TE I~OEX CL~SS $0 =~ET 
TREES 
PE~ 1-INCH Oi~~ET~Q CLASS 
ACP.E ASE -------------------------------------------------------------------------------
CLASS {Y~S) 1 4 ? 9 10 c; 
-
11 1 2 1 3 1 (. 
20J 4 
























1 ; . 2 1 : . ~ 22.0 24.y 27.5 3C.O 32.3 
1 t • ~ 2 1 • 1 2 S • S 2 ~ • ·c 3 1 • 3 3 4 • ~ 3 7 • 3 4 0 • 5 
1 .:: • z 
1 ! • ; 
2 ~ .7 27.2 31.2 35.0 3f.5 41.£ 45.0 48.0 
, .: 26.~ 33.0 37.1 41.J 44.l 48.2 51.5 54.E 
1 . r: 
-. -
1 r- • t 
1 • 7 
2 1 • 1 
2 .;. . 7 
2 -~ • c 
... . 
c. - • -
2S.4 34.1 33.S 42.~ 4t.5 50.3 54.0 57.5 6G . 9 
2~.v 34.? 39..3 43.5 47.7 51.7 55.S 59.2 62.5 e6.2 
31.5 36.~ 41.7 46.4 SC. 6 55.1 59.3 63 . 3 t7.2 71.C 
33.0 38.~ ~3.S 4f.q 53.5 58.1 62.6 66.9 71.1 75.1 
3~.1 43.! 46.3 53.0 57.6 62.1 66.4 7G.6 74.~ 73.3 
32.7 l4 . 1 4c.1 54.G 58.8 63.3 67.S 72.1 7b.3 E0.4 
19.2 21.4 ?3.5 
22.0 24.9 27.5 30.Q 32.3 
25.0 28.6 31.S 3L.9 37.8 40.S 
27.2 31.2 35.0 38.5 41 .3 45.0 48.0 
28.6 33.Q 37.1 41.0 44.6 48.2 51.5 
2;.~ 34 . 1 38.5 'Z.~ 4o.5 50.3 54.0 
29.9 34.7 }C.3 43.~ 47.7 51.7 55.5 
31.5 36. E t.1.7 t.t.t. s~.s ss.1 59.3 
31 . 3 36.t '1.6 4c.3 SC.2 55.2 59.4 
32.5 35.1 ~l.3 4~.3 53.0 57.6 62.1 











67.S 71.3 75.1 
7C.6 74.8 78.S 
72.1 76.3 30 .4 
1 5 16 
-------------------------------------------------------------------------------------------
T~t:L= z. .;:i ~ :: ,: : .: T E ::i TOTAL SLASH HEI•~HTS IN FEET ••• CONTINU=D 
~ :it: lND=X CLASS .~o FE f.1 
-
----------------------- --------------------------------------------------------------------Tr<EES 
P~R 1-INCH O!~M=TER CLASS 
ACRE fl. ... -;.l i.; ::: 
-------------·------------------------------------------------------------------CLASS < n s > 1 ; -:- I 5 6 ? 3 9 10 11 1 2 1 3 1 4 1 5 1 iS . 
-
.. 
----- --- -- ---- ---- ---- ---- ---- ---- ---- ---- -- -- -- --
---- - --- - ---
600 4 9 • 1 1 - - 1 ;:: - . .... .. 
0 9 .6 1 j • ) 1 . ,_ 19.2 21 • l.t 23 . 5 .· . J 
:> 1 0. 2 1 . 1 . - 2 2 . {) 24 . 0 2?. s 3G.O 3 2 . 3 ,.,,, • \J • I 
1 c 1 .. 2 1 i 25 . 0 2 ,3 • . ') 3~ .. 3 l.. 9 37 . 3 4Cl . 5 ~ . - . . '" 
1 2 1 ; • 7 " '} ... 27.2 31 • 2 35.G "t Cl - 41 . e 45 . 0 48.0 
-
.. -' ... . ) 
1 4 2 ·; • :: 28.6 33.Q 3?. 1 41. 0 4 i.. . 6 48.2 51 • 5 54.8 
, !> ... -
.:., ..,. • ;r 2 <; . 4 3 4. l 38.5 '-2 . 6 46.S 50.3 54.0 57.5 6G . 9 
1 s - . ' .... . 29.9 3 t.. 7 3~.3 43 . 6 47 .7 51. 7 55.S 59.2 62.8 6 6 . 2 
2'.) 31 . s 30. 8 1.1 • 7 46.4 ; 0. 8 55.1 59 .3 63.3 67.2 71 .... • • ..r 
22 33 . 0 'q • ";i 43 . S I ;;:i ';) .. .... . ""' 5 3 . 5 58 .1 62.6 66.9 71 • 1 7 5. 1 
24 32.5 3 '~ • 1 43.3 4 ~ .3 S:!.J 57 . 6 62.1 66.4 70.o 7 4 • E 7j.: 
25 33 . 0 'l ' ., _.i:j . , 4 4 ;1 4 S.1 54.0 58 . 8 63 .3 67.8 7 2. 1 76 . 3 :! 0 . £, 
800 4 9 • 1 1 2 . ' 1 .•• ~ 
6 9.6 1 . .. 1 .. . 19 . 2 21 • .:+ ;l ~ -* • • 
-
. ~ -.) . ) 
a 10. 2 1 ::.. • c 1 .. ... 22 . 0 ~ I •• 2 7 . 5 3C.O ~. 2. 3 . t: ... • "f 
1 '.) 1 ~ • t ' ' '- . • I 25 . 0 28 . 6 31 - ~ 3 t.. 9 37.e 40.S 
1' 1 7 • 7 - .. 7 !. .:. .. 2 7 . 2 31 • 2 35.0 c: "ts: - - • .,I 41. ~ 45 .0 48 . 0 
14 , . . 23 . 6 33 . C 37.1 41. 0 4 i. • 6 48.2 s 1. 5 54.8 - - ..... 
1 0 2 '• . 'l 2 r; • 4 34 . 1 3 ,g . 5 42 . 6 i. t . 5 50. ·3 54.0 57.S 6C. ~ 
1 3 "; . - 31 • 5 .36 . ~· 41 • 5 4~.J 50 • .:+ 5 4 . 5 58 .6 6 2. 5 ~e.2 
- . . 
~.) !1 c; . ~ 36 . 3 ~ 1. 7 (. t. 4 50 .3 5 5 • 1 59.3 6 3. 3 67.2 71 .o 
- ) 
i:: - 33 . 0 3S . 6 43 . S 4E. S s ~ . 5 58 .1 62.6 66.9 71 • 1 7 s. 1 
2~ 3 2 . ~ 33 . 1 td. 3 4 e • 3 s~.o 57.6 62.1 66.4 70.6 7 4. 5 7 i3 • ~ 
2 5 ; ~ 0 ;, ~ ~ 3 l3.? 44.1 .!+ c;· . 1 5.:. . 0 58 . S 63.3 67.S 72 .1 76.3 ., , .... t ..J v. ~ 
-------------------------------------------------------------------------------------------
FIGURE 4. F'REDl 1~TED SLASH PINE HEIGHTS BV DIAMETER CLASSES 
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FIGURE 5. PPf DICTED SLASH PINE HEIGHTS BY DIAMETER CLASSES 
FOR fY./O t\GE CLASSES V·l!TH SI = 60 AND TREES PER ACRE = .::100. 
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FOR FIVE AGE CLASSES Vv'ITH SI :: 60 AND TREES PER ACRE = 400. 
...... ... .... ........  r ........... .............  ,.... ........ ...... ..... 1 ................... ......  ,.......................... , .... ............ ........ r ......................... r ................ ~~~J~==::===·~ 
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